Organic Rankine Cycle System with Shared Heat Exchanger 
for Use with a Reciprocating Engine 

Background of the Invention 

[0001] This invention relates generally to waste heat recovery systems and, 

more particularly, to an organic rankine cycle system for extracting heat from a 
reciprocating engine. 

[0002] Power generation systems that provide low cost energy with 

minimum environmental impact, and which can be readily integrated into the 
existing power grids or which can be quickly established as stand alone units, can be 
very useful in solving critical power needs. Reciprocating engines are the most 
common and most technically mature of these distributed energy resources in the 
0.5 to 5 MWe range. These engines can generate electricity at low cost with 
efficiencies of 25% to 40% using commonly available fuels such as gasoline, natural 
gas or diesel fuel. However, atmospheric emissions such as nitrous oxides (NOx) 
and particulates can be an issue with reciprocating engines. One way to improve the 
efficiency of combustion engines without increasing the output of emissions is to 
apply a bottoming cycle (i.e. an organic rankine cycle or ORC). Bottoming cycles 
use waste heat from such an engine and convert that thermal energy into electricity. 
[0003] Most bottoming cycles applied to reciprocating engines extract only 

the waste heat released through the reciprocating engine exhaust. However, 
commercial engines reject a large percentage of their waste heat through intake 
after-coolers, coolant jacket radiators, and oil coolers. Accordingly, it is desirable to 
apply an organic rankine bottoming cycle which is configured to efficiently recover 
the waste heat from several sources in a reciprocating engine system. 
[0004] It is therefore an object of the present invention to provide an 

improved ORC waste heat recovery system. 

[0005] Another object of the present invention is the provision for extracting 

waste heat from a number of sources from a reciprocating engine. 
[0006] Yet another object of the present invention is the provision for 

employing an ORC for recouping waste heat from a reciprocating engine. 
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[0007] Still another object of the present invention is the provision for 

recovering waste heat from a number of sources of a reciprocating engine in an 
effective and economical manner. 

[0008] These objects and other features and advantages become more 

readily apparent upon reference to the following description when taken in 
conjunction with the appended drawings. 

Summary of the Invention 

[0009] Briefly, in accordance with one aspect of the invention, staged heat 

exchangers serve the dual purpose of removing heat from the intake tract, water 
cooling jacket, oil sump, and exhaust gas cooler of a reciprocating engine while 
preheating and boiling the working fluid of an organic rankine cycle. 
[0010] In accordance with another aspect of the invention, the usual heat 

exchanger apparatus in a reciprocating engine (i.e. primarily the transfer of heat to 
ambient air) is replaced with a set of heat exchangers wherein the heat is transferred 
to an ORC fluid, with the temperatures being progressively increased. 
[0011] By yet another aspect of the invention, provision is made for the 

sharing of a single heat exchanger that simultaneously receives heat from the engine 
coolant and from the engine oil sump, and transfers the heat to an ORC working 
fluid. 

[0012] by still another aspect of the invention the flow of engine coolant and 

engine oil is made to flow in one direction within a heat exchanger and the ORC 
fluid is made to flow in a counterflow direction. 

[0013] In the drawings as hereinafter described, a preferred embodiment is 

depicted; however, various other modifications and alternate constructions can be 
made thereto without departing from the true spirit and scope of the invention. 

Brief Description of the Drawings 

[0014] FIG. 1 is a schematic illustration of an organic rankine cycle system 

as incorporated with a reciprocating engine. 
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[0015] FIG. 2 is a schematic illustration of a shared heat exchanger in 

accordance with the present invention. 

Detailed Description of the Invention 

[0016] Referring now to Fig. 1, there is shown a reciprocating engine 1 1 of 

the type which is typically used to drive a generator (not shown) for purposes of 
providing electrical power for consumer use. The engine 1 1 has an air intake 
section 12 for taking in air for combustion purposes and an exhaust 13 which may 
be discharged to the environment, but is preferably applied to convert a portion of 
the energy therein to useful purposes. The engine 1 1 also has a plurality of heat 
exchangers with appropriate fluids for maintaining the engine 1 1 at acceptable 
operating temperatures. 

[0017] One of the heat exchangers is a replacement heat exchanger 14 that 

transfers heat from a liquid coolant that is circulated in heat exchange relationship 
with the portion of the engine where combustion occurs, to an ORC working fluid. 
That is, the typical engine coolant-to-ambient air radiator of the reciprocating engine 
is replaced with a liquid-to-liquid (i.e. engine coolant-to-organic working fluid) heat 
exchanger. This heat exchanger is much smaller, and thus cheaper then the replaced 
radiator because it has forced liquid convection heat transfer on both sides of the 
heat exchanger. Also, the engine coolant and the ORC liquid pumps provide the 
forced convection on each side, so no energy and space consuming fans would be 
required as on a typical radiator. 

[0018] Similarly, an oil cooler 16 is provided to remove heat from a 

lubricant that is circulated within the moving parts of the engine 1 1 and to transfer 
that heat to the ORC working fluid. A typical oil-to-ambient air or oil-to-engine 
coolant heat exchanger is replaced by an oil-to-ORC fluid heat exchanger to further 
recover waste heat from the engine at a higher temperature than the engine coolant 
of the radiator while preventing oil overheating. 

[0019] The engine 1 1 may be provided with a turbo charger 17 which 

receives high temperature, high pressure exhaust gases from the exhaust section 13 
to compress the engine inlet air entering the turbo charger 17. The resulting 
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compressed air, which is heated as a result of the compression process, then passes 
to a charge cooler 18 prior to passing into the intake 12 of the engine to be mixed 
with fuel for combustion. The charge cooler 1 8 is an air-to-liquid charge cooler that 
replaces the typical intake air-to-ambient air or intake air-to-engine coolant after- 
cooler that is normally applied on turbocharged or turbo-compounded reciprocating 
engines. If the heat exchanger were the same size, it would provide a cooler intake 
charge to the engine because the working fluid of the ORC would be at a lower 
temperature then the regulated engine coolant (air to coolant after cooling), or 
because the temperature difference between the air and the liquid working fluid 
would be less then that between two air streams (air to air after cooler). 
[0020] The exhaust gases, after passing through the turbo charger 17, pass 

through an evaporator 19, which transfers waste heat from the exhaust gases to the 
multi-phase working fluid of the ORC where it is superheated.. 
[0021] In addition to the evaporator 19, the ORC includes a turbine 21, a 

condenser 22 and a pump 23. The turbine 21 receives the superheated refrigerant 
gas along line 24 from the evaporator 19 and responsively drives a generator 26. 
The resulting low energy vapor then passes along line 27 to the condenser 22 to be 
condensed to a liquid form by the cooling effect of fans 28 passing ambient air 
thereover. The resulting liquid refrigerant then passes along line 29 to the pump 23 
which causes the liquid refrigerant to circulate through the engine 1 1 to thereby 
generate high pressure vapor for driving the turbine 21, while at the same time 
cooling the engine 11. Both the fans 28 and the pump 23 are driven by electrical 
power from the grid 3 1 . 

[0022] As will be seen in Fig. 1, relatively cool liquid refrigerant from the 

pump 23 passes sequentially through ever increasing temperature components of the 
engine 1 1 for providing a cooling function thereto. That is, it passes first through 
the charge cooler 18, where the temperature of the liquid refrigerant is raised from 
about 100° to 130°, after which it passes to the heat exchanger 14, where the 
refrigerant temperature is raised from 130° to 150°, after which is passes to an oil 
cooler 16 where the refrigerant temperature is raised from 150° to 170°. Finally, it 
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passes through the evaporator 19 where the liquid is further preheated before being 
evaporated and superheated prior to passing on to the turbine 21 . 
[0023] Recognizing now that the replacement of each of the four heat 

exchangers in a conventional turbocharged reciprocating engine can be relatively 
expensive, an alternative, cost saving, approach is shown in Fig. 2 wherein the 
functions of two of the heat exchangers are combined into a single heat exchanger 
31. The heat exchanger has three compartments 32, 33 and 34 as shown. 
Compartments 32 and 34 are adapted for the simultaneous flow of the respective 
engine coolant and engine sump oil in the same direction as shown. The ORC 
working fluid on the other hand, flows in a counterflow direction within the 
compartment 33 such that the heat from each of the engine coolant and engine sump 
oil are simultaneously transferred to the ORC working fluid. Such a combined 
function is made possible by the fact that the engine coolant and the engine sump oil 
are at about the same temperature (i.e. in the range of 160 to 200°F). The ORC 
working fluid is at a temperature of around 130 coming into the heat exchanger 31 
and after passing therethrough will be in the range of 170. In this way, a single heat 
exchanger can replace the relatively large liquid-to-air heat exchangers and their 
associated fans with considerable reduction in cost. 

[0024] As described hereinabove, the specific combination of heat 

exchangers are to be designed to get the lowest cost per unit power generated by the 
combined engine/ORC system by maximizing the heat exchanger size to reduce cost 
while minimizing engine intake temperature and maximizing ORC fluid temperature 
to improve the engine and ORC cycle efficiencies. 

[0025] While the invention has been shown and described with respect to a 

preferred embodiment thereof, it should be understood by those skilled in the art 
that the foregoing and various other changes, omissions and additions in the form of 
a detail thereof made be made without departing from the true sprit and scope of the 
invention as set forth in the following claims. 



